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Abstract: [Objective] Indole-3-acetic acid is crucial for plant growth and development and
physiological activities. Indole-3-acetic acid N-acetyltransferase YsnE plays an important part
in indole-3-acetic acid synthesis. This study aims to analyze the metabolic pathways of YsnE
involved in indole-3-acetic acid synthesis of Bacillus amyloliquefaciens. [Methods] Through
deletion and overexpression of ysnE, the role of ysnE in indole-3-acetic acid synthesis was
elucidated. Combined with the addition of indole-3-acetic acid synthesis intermediates (indole
pyruvic acid (IPA), indole-3-acetamide (IAM), tryptamine (TAM), indole-3-acetonitrile (IAN))
and in vitro enzymatic conversion experiments, the metabolic pathways of ysnE involved in
indole-3-acetic acid synthesis were clarified. [Results] YsnE played an important role in
indole-3-acetic acid synthesis in B. amyloliquefaciens HZ-12. The amount of IPA, IAM, and
IAN consumed in ysnE deletion strain was significantly reduced, and YsnE functioned as
indolepyruvate decarboxylase YclB, and indoleacetamide hydrolase/nitrilase/nitrile hydratase
YhcX, and affected indole-3-acetic acid synthesis by participating in IPA, IAM, and TAN
pathways. [Conclusion] YsnE influences the IPA, IAM, and IAN pathways to involve in
indole-3-acetic acid synthesis, which lays a foundation for analysis of indole-3-acetic acid
synthesis pathway and breeding strains with high yield of indole-3-acetic acid by metabolic
engineering.
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Figure 1

Indole-3-acetic acid biosynthesis pathways in Bacillus amyloliquefaciens HZ-12. (D: Indole

3-pyruvate pathway (IPA); @: Tryptamine pathway (TAM); ): Indole 3-acetonitrile pathway (IAN); @:
Indole 3-acetamide pathway (IAM); ®: Predicted YsnE participated pathway. patB: Tryptophan transaminase;
yclB: Indole-3-pyruvate decarboxylase; dhaS: Indole-3-acetaldehyde dehydrogenase; yicX: Indole-3-acetamide
hydrolase/nitrilase/nitrile hydratase; ysnE: Indole-3-acetic acid acetyltransferase.
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1.1 EPRFABRAL
ARSI A A UE A 2 AT T HZ-12,
FRFHBERRAUSOR L 1, FHSE5 9L 2,
1.2 EHFE
LB MkRFRE(g/L): HEAM 10, EELEE
By s, &@Akél 10, pH N 7.0-7.2,
LB [E{&KiFRE(g/L): EAM 10, EELE
By s, @Akdm 10, BiE 18, pH N 7.0-7.2,
Landy & BEd3R3E(g/L): #APE 20, L-&
ZIREN 5, BER AR 1, BERHEIEY) 5, LK
IR 0.5, EALH 0.5, PUIKG B MR 4
0.005, L/AKEHEREN 0.000 16, L/KEFR
£ 0.000 15, L-ZRNZZ 0.002, pH K 7.0-7.2,
KM rARFREY 115 CKH
20 min,
1.3 EZRF
Tag DNA RAH, tEeXe4EvREa

&1 AW FT R R E R BORL

FRAH]; DNA ZrFithnif. T4 DNA HEH
DNA RN DINE, AP TROGE)AIRA
w]; DNA - [algafifb a0 2 i mok g ih &
Omega Bio-Tek /A Fl; 4 Mix, ZERAYA R
AR SIE RN, A TAEY TR
(R A RAE ; EEM. BRI
i fg M, Spanish A Hl; o-JEMEE . PLAR
(Amp . Kan. Tet), Buf#i T a5 ( i) A RA
wl HAdE oA alaon] 2 4R Ak A R
ABRAT
1.4 TREEKRNEE
1.4.1 FREEMFAMEERE ysnE HERILEK
R

DAMH R ZE AT R 168 FENA M,
1% pHY-ysnE-1/2 4714 P43 J33h 7. DA#ER
FHIFFIE HZ-12 B2 DNA it , 61
pHY-ysnE-3/4 3% ysnE FER(F H BZEF),
K ESIEM PCR (SOE-PCR)EEE1T .
ysnE RN (514 pHY-ysnE-1/4). BEJ5, FHBRH

Table 1  Strains and plasmids used in this study
Strains and plasmids Relevant characteristics Sources/References
Strains
Escherichia coli DH5a Host strain for plasmid construction TaKaRa Co., Ltd
BL21/pET-YsnE BL21 harboring plasmid pET-YsnE This study
B. amyloliquefaciens HZ-12 Wild-type strain for indole-3-acetic acid biosynthesis Lab collection
HZ-12/pHY-300 HZ-12 harboring plasmid pHY300PLK This study
HZ-12/pHY-ysnE HZ-12 harboring plasmid pHY-ysnE This study
HZ-12AysnE Knockout of gene ysnE in HZ-12 This study
Plasmids
pHY300PLK E. coli-Bacillus shuttle vector; Amp' in E. coli, Tc' in both Lab collection
E. coli and B. subtilis
pHY-ysnE Plasmid pHY300PLK containing P43 promoter, gene ysnE and This study
its terminator
T2(2)-ori E. coli-B. amyloliquefaciens shuttle vector, for gene konckout  Lab collection
T2-ysnE T2(2)-ori derivative containing homologous arms of gene ysnE, This study
for ysnE deletion
pET-YsnE Plasmid pET-28a containing gene ysnE This study

<l actamicro@im.ac.cn, & 010-64807516
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Table 2 The primers used in this study

Primer name

Sequences (5'—3")

pHY-F GTTTATTATCCATACCCTTAC

pHY-R CAGATTTCGTGATGCTTGTC

T,-L ATGTGATAACTCGGCGTA

T,-R GCAAGCAGCAGATTACGC

pHY-ysnE-1 GCTCTAGAGCGGAATTTCCAATTTCATG

pHY-ysnE-2 TCTTCTTTCCTTACGTCCACGTGTACATTCCTCTC
pHY-ysnE-3 GAGAGGAATGTACACGTGGACGTAAGGAAAGAAGA
pHY-ysnE-4 AAATCCGTCCTCTCTGCTCTTTCAGCCTATGTTTAACGTCATAAAC
T2-ysnE-F1 GGGATCCACTAGTTCTAGAAGCAACATTCCGAACATC
T2-ysnE-R1 TGTTCGGGTCCTCTTTATCGGAAATGTGACAGGGTA
T2-ysnE-F2 TACCCTGTCACATTTCCGATAAAGAGGACCCGAACA
T2-ysnE-R2 GATCTTTTCTACGAGCTCAAAAGGAGCAGCGACAGC
T2-ysnE-KYF TTGCGTTGTCTATTATTCTG

T2-ysnE-KYR AGAGGGCTGGAGGGTAAA

pET-F GGATCCGCGACCCATTTGCTGTCCA

pET-R CACCACCACCACCACCACTGAGATC

pET-YsnE-F GTGGTGGTGGTGGTGGTGGTCTATGTTTAACGTCAT
pET-YsnE-R CAAATGGGTCGCGGATCCGTGGACATAACAAAAGAC
T7-YF TAATACGACTCACTATAGGG

T7-YR GCTAGTTATTGCTCAGCGG

PEN VI BamH 1 /Xba 1 BEY) A B S Ok
pHY300PLK, Zi% 555 b KA DH5a,
15 2 U 28 R K 2K pHY-ysnE . FfiJ5, ¥
pHY-ysnE HLEZ AL 2 fEVER ZE AT IR HZ-12
0 3 15 21 A0 BH 1k 2 Ak 1 B SR Uit 5 ok 3 0k 1R R
HZ-12/pHY-ysnE!"*,

142 FREMFHATEERE ysnE BUFRERAY
&

DU TER ZFMOAT T HZ-12 A, 5]
¥) T2-ysnE-F1/R1 £ T2-ysnE-F2/R2 435§ 1 Kt
ysnE S %273 I N 1 7 S N N i /0 5
% SOE-PCR 4%, FIARIRI N VIR SOE Fr Bt
M T2 (2)-Ori JFok:, F454L%E] E. coli DHSo!,
WL PCR Al DNA I Fe X6 51 4 ok 756
IE, RIGMIREUA T2-ysnE, FiZEikmitbE

FRTERS ZEIAT BT HZ-12 b, &8 BUSHALAL,
ISTEFE AT I ysnE B (1) e 28 BAT 1T TR
Pk HZ-12AysnEM,
143 YsnE ERIFSRIEEKRNLE

DU TER ZFMOAT T HZ-12 KE[R 41 ity
PCR ¥ HARIG L ysnE F51), 2 BRI 1 9 ) i
D15 | A AL AR TR YIRS EG DY pET-28a iUk
o, IR KRBT DHSa, 1833 #74 PCR BE
1 DNA 750 #r, BIFIF RIS ysnE 175 FRIK %,
& pET-YsnE. [fik¥i pET-YsnE %4k % KIGHFH#H
BL21 ", 3455 S KAk BL21/pET-YsnE!'®,
1.5 &RERSHEE
1.5.1 %ABHE

PRIFPTE AL« K DR AE T8 I AT b ) TR AR AE
FPUESCHUE LB Ak bk, BRIBCR IRV 7E
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AERE LB -t BRIk, 37 CHiFR 12 h,
P57 . AN LB AR PRI P& 4R
EEA 50 mL WA LB §3R3E0 250 mL =i
W, 230 r/min, 37 CHRZHEFE 10-12 h,
PEMURBERS TR . DA 1%L R A il =
% 50 mL Landy ¥5373E09 250 mL =i,
120 r/min. 30 ‘C¥53% 72 h (7F 36 h TR
1 g/L R).
1.5.2 E4ZEH YsnE £ XBHTHE BL21 FH#Y

ik
Pk aiiflJ5 i BL21/pET-YsnE 254 50 mL

WK LB #3:3(0.05 mg/mL 2 EHiE E)W
250 mL =¥, 37 C. 230 r/min £53% 12 h
M W10 mL PR 25 500 mL
WA LB B53:5£(0.05 mg/mL & FPiE 2 2 L
=R, 37 ‘C. 230 r/min 55 3F ODeo &
0.7-0.8, JIA 0.3 mmol/L IPTG 5 4k Lk 3%
20-25h (18 C). ArAlHGAE AT JatEah, 1T
R W TR A 158 i L K (SDS-PAGE) 43+t
153 EHEEERMAWL

YiES R ERFERZ 4 *C. 10 000 r/min
B0 15 min, 3 B3 0T & A B K R A,
4 °C. 10000 r/min &[> 15 min, 7+ FiE. W
i SR O pP R R A, BE S R RO
g ok R N g I o W O S 2 S O
10 000 r/min 20> 15 min, FIEZ8FE4ML, Ik
EMBBSAFHMEA.
1.5.4 M5 ZERBIBESEEE L E AL

fif S WA R - 50 mmol/L B FRERZE WP 1.6 mL
(pH 7.0). BEHA 0.08 mL, X B8R FH KIS B . Jic
Pyns| e DS AT | 051 2L TERE | 051 Pk 2 AR €60 Jie 1)
LU FE R 2 mmol/L o i 45 R37 C 4!,
1.6 A%

WS W PR P | VS| £ TP | 5| Wik 2 1 R £
e B ARG IR T Agilent 1260 series = S0 AH 4,
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250 mm, 5pm), JEBIAHECEE VO EE):1(0.1%4
fi2)=31.8:68.2, i} 0.8 mL/min, FEFEARFN
J9 10 L, FE¥ECH 25 C, ZAMEI 2SI K R
220 nm"*, MRAEARAE SR RRZR, A4S
R EE
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Figure 2 Effects of gene ysnE deletion or
overexpression on indole 3-acetic acid production.
*P<0.05 and **P<0.01 indicate the significance
levels between recombinant strains and control
strain.
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KB ysnE SRR TR PRI AU R 33 1 % B PR
HZ-12 (11 4), HEMZEDR ysnE FEALS]WE AR |
M5\ 206 . Ml L BERE IR . BRI ysnE Bl
Ja, FR PR A SRR, B bl
FEHm.

[ CJHZ-12
- CJHZ-12AysnE

0.06 +_*I_

0.04 -

g
=
3

0.02 -

Indole-3-acetic acid (mmol/L)

0.00

IPA IAM IAN TAM
Substrates

3 K& ysnE fhKIF06IR-3-Z B8R B R0
Figure 3 Effect of gene ysnE deletion on
indole-3-acetic acid concentration. *P<0.05 and
*#P<0.01 indicate the significance levels between
recombinant strains and control strain.
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Figure 4  Effects of gene ysnE deletion on
intermediate metabolite concentrations. *P<0.05 and
**P<0.01 indicate the significance levels between
recombinant strains and control strain.
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2.3 YsnE S2Nai5|iR-3- L BE & B BI04

Biif5 , A8 T YsnE 523K i5 %A pET-YsnE,
FIFEAL KA # BL21, 315 TSR B EK
BL21/pET-YsnE, &5 33KiA . MMEMHS,
it SDS-PAGE il T YsnE & IR K M. H
B 5 ffrsn, BL21/pET-YsnE % S £ & 16
15-25 kDa A6 B 5547, 5 YsnE 14 K
ANEEIR, 6P YsnE B A SR HJE, 4
e e glifk, JFiF4T SDS-PAGE 43,
BRI —ZH7, UL YsnE & 14ifb i) .

#£ 2.0 mL KN AR ZH A 1.6 mL 50 mmol/L
(pH 7.0)BEBRE: 2% vh i F1 0.08 mL Zlifk, IF
AR 0.32 mL 12.5 mmol/L M| MEP i fR . ng|
W 20T B . I 2T RN 6 e (BRI Z Uk B
2 mmol/L). FfiJ5, ¥HWIKET 37 CHig
FEFPUEAT R AL, X R 4R AR [ (AR 2K 3% il
W, 4 S R IR R A RS e-3- 2 BR MR B L
Bl 6 i, S5 AU b, 52302 Hhims | e DY TR R
WS | Wi 2 Tk Frke TS| Wi 2 I e 8 504 TR AL, 3 1 e
KT 8.5%. 7.1%F 7.2% FHFW5|Wk 2 Tk Jiie /K fidt
Tit I 7K St Tt AT 7K B i B 6 TR yhe X gl

kDa M 1 2 3

5 %FEH YsnE HiESRIESHL

Figure 5 Induction expression and purification of
YsnE. M: Protein Marker; 1: Sample before
induction; 2: Sample after induction; 3: Protein YsnE
purified samples.
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Figure 6 Effects of enzymatic conversion reaction
on intermediate metabolites concentrations. *P<0.05
and **P<0.01 indicate the significance levels
between recombinant strains and control strain.
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